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Abstract

In this report, we consider a statistical approach to augment a limited database of groundtruth
documents for use in evaluating optical character recognition (OCR) software. We require
groundtruth documents to assign a performance measure to the OCR component of the Forward
Area Language Converter (FALCon) system. A modified moving-blocks bootstrap procedure
is used to construct surrogate documents for this purpose which prove to serve effectively, and
in some regards, indistinguishably from groundtruth. The proposed method is validated through
a rigorous statistical procedure.
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1. Introduction

The Forward Area Language Converter (FALCon) is a portable, field-operated, transla-
tion system designed to assist in intelligence collection. It enables an operator with no foreign
language training to convert a foreign language document into an approximate English trans-
lation for an assessment of military relevance. The principal components of FALCon are an
optical scanner, an optical character recognition (OCR) module, and a machine translation
(MT) module. In order to assign a performance measure to the FALCon system, measures
of effectiveness of the components must be developed and then aggregated into an overall
measure. The focus of this report is limited to evaluation of the OCR module.

A current procedure for determining a quantitative measure of the efficacy of an OCR
product is as follows: A selection of carefully prepared source-language documents, called
groundtruth, is stored in the computer; hardcopy of the same document set is then scanned
into bitmap images; the OCR software partitions a gross bitmap image into homogeneous
zones that are processed according to content. For zones that are identified as text, special-
ized scoring software then compares the OCR output against the corresponding groundtruth
to produce accuracy statistics, usually including percentage agreement for both words and
characters, and a confusion matrix.*

A central database of groundtruth documents, accepted as a baseline, would enable the
evaluation of OCR products to proceed from a common benchmark. Unfortunately, such a
database does not exist, making the comparison of OCR software more difficult and any con-
clusions drawn more tentative. Fundamental questions regarding sample size requirements,
and suitable document composition for such a database, remain to be addressed.

Collection of a corpus that is sufficient for evaluation of an OCR product is likely to
remain, even in the best of circumstances, a burdensome task. Access to a sufficient number
of source-language documents, representative of the document classes of interest, may not
be feasible; and, even if obtained, the expensive and time-consuming process of preparing
groundtruth remains. To address this problem, we are proposing a statistical approach to
corpus generation based on a small set of source-language documents. Coincident with the
statistical inquiry, substantial work involving language transliteration must be accomplished.

2. Time Series Model

Consider the passage of Serbian text shown in Figure 1. Every character—Iletters, punc-
tuation marks, interword spaces—is represented numerically in the computer. The set of
character and numeric equivalents (the mapping) is called a codeset. For a specific lan-
guage, the codeset representation may not be unique. Russian, for example, has four com-
monly used 8-bit encodings and some Asian languages even more (Reeder 1998). A numeric
representation of the Serbian text in Figure 1 for a particular codeset is shown in Figure 2.

*A confusion matrix displays the number of character insertions, substitutions, and deletions required to
reconcile the groundtruth and OCR output files.




Bai Taj He mocTaTak CyHITUHCKE PA3JIUKe y
PEJIMIr10o3HOj CAMOCBECTH CEKTAIIa HaM M JOIYIITa
A TOBOPMMO 0 HeueM, IITO 61 mHave OUJI0 HEJOMYCTUBO O
CeKTaMa eH I'eHepaJl. ‘

Penuruosna uam ceKTamKa CaMOCBECT Ce 3aTUM U3paskaBa,
¥ Kpo3 peHebOperaBaimbe Opure 3a oBaj CBET ca YIOPHUM
HHCUCTHUpameM Ja ce "mpaBe crBapn" ,uemaBajy Tek '"TaMmo",
UCTAaKHYTHU alOKaJUITHA3aAM UINEKNBaHkhe Kpaja CBETAa, I-beI‘OBe

IPONAaCTH, IPe3up IpeMa TeJy U LeJOKYIHO] MaTepHUju KOjH
ce Ma,HI/I(i)eCTy‘]e HJIY KaO PUTOPO3HU ¥ DECMUCIIEHN aCKeTU3aM
KOJH IOCTaje MuJb CaM IO ceOM MJIN Kao PaJUKaJHEN pa3BpaT KOJu
CYy Yy CYIITUHEY UNeHTUYHN peHOMEeH! He IPUXBaTamka Tejla 1
MaTep¥uje YOIIITEe ! CJI.

Figure 1. Serbian text.

Figure 2. Time series representation.



In Figure 2, the first 80 letters (emboldened in Figure 1) of the Serbian text are displayed.
The vertical dashed lines mark the location of interword spaces, which have been removed,
along with most punctuation, to facilitate our methodology. The z-axis indexes the order
of occurrence of the characters in the text, and the corresponding codeset values are plotted
along the y-axis. If we allow a situation in which the characters are processed sequentially,
then we can assign to each character an associated time epoch, and Figure 2 can be considered
as a time series representation of the first 80 letters. The scale of measurement for the y-
axis is nominal; an alternative codeset, if appropriate, would lead to a different graphic
representation with no attendant loss or gain of information.

In attempting to generate a corpus, we would like a core of authentic documents to serve
as a basis from which to generate additional pseudodocuments. An analogous situation,
arising in the analysis of time series data collected as part of a clinical study, has been
described and addressed using the bootstrap (Efron 1993, Liu 1992).

3. Bootstrap Application

In this section, we present an abridged description of the bootstrap procedure, modified
for application to the textual model.* Notice the time series has an inherent structure:
the time series represents a block of text—not a random sequence. Moreover, the words
themselves are subject to lexical constraints; hence, the patterns they assume in the codeset
representation have meaning. These word patterns are, however, interrupted with great
frequency; the interword spaces play the role of interventions in time series modeling. As a
consequence, the time series has local structure contributed by the word patterns but little
in the way of global structure due to the high frequency of interventions. Any attempt to
model these data, statistical or otherwise, must maintain the fidelity of the overall structure.

Denoting the time series as a sequence of ordered pairs (z1,¥1), (Z2,¥2),- -, (Tn, Yn), We
begin the bootstrap procedure by choosing a random location within the time series, say
(%r,yr). Starting with (z.,y,), we copy the subsequence (z,, ¥, ), (Zr+1,Yr+1)s - - - 5 (Trt, Yrr)
and write to an array. The length of the subsequence, ' — r 4 1, is determined by sampling
from the distribution of word-lengths found in the authentic document. A second random
location, (zs,ys), is then determined, and a second subsequence, (z,Ys), (Zs+1,¥s11),- - - »
(25, ys), is copied and appended to the subsequence already in the array. Figure 3 illustrates
a situation in which three subsequences have been chosen, two of them overlapping.” The
overlap does not create a problem since the sampling procedure is done with replacement.
This process continues until terminated by a stopping rule. At that point, a bootstrapped
time series, the first 80 values of which are shown in Figure 4, has been produced. The
shaded regions appearing in Figure 3 are aligned in Figure 4 in order of their occurrence.
Inverting the codeset mapping, subject to inherent lexical modeling constraints, yields the
bootstrap document shown in Figure 5.

*See the appendix for an unabridged account of the computational paradigm.
TThis example is somewhat contrived, in that the three subsequences were chosen from the first 80 characters
pictured in Figure 2. In practice, all subsequences are randomly chosen within the entire document.
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Figure 3. Intermediate results.

Figure 4. Bootstrapped time series.



EcTucekT mocrat eKranmaHaMW I ACTOYHAYK
enuJbCaMIIO HO OCECEKY BOMUIIJHEH O Yj€ OK OMJIOH
M3aMM A OH JIaMu6y 1 rE3BOPaCEKTa CEKTAIITB € aM ¢buEIpaH
Ta Hy e Jeu3Ba e0p K OBOPUM XJbY i MIAHCE3AMUCHO OPaI
pa munumkaopanu. CToumadykaM U ocebu H KaOpur ame, K
rxpumhal pak paTKOjUCY PU KMBAEK yaJlll €JIUI'Y KepeJIur
WYH HaCY MOHACJ TUIMN3a B IyCTHUBO €CEeKyJIap'" enmCIKa,m
eHTHYHN (e alkberoBel, jyMEOTO IU3aMyBeK a I, cy. "['mo3uojcam
"OoBenponacTUl, yo paxa OTHINYHEPEJ XJbY IU3aKIbYydy
HJI eHNHEe re3a JyUIOM allTBANONITO] a I Ap atucda’ Urujc
aMocBe "ocBecTu peme he or" 3spaTkojuc Tuzamumex'" u era
oHapckone. "EMuacenp ToceMoxk" epasp HTEI aMO, TOBEIPO U
Hbemybucem e nu yj c" a M epaJ aBamebpH ek X "HerOMHaj pa3B
PHUMOOEE eT aHCe3aM aHero, aMaeHI'eHeD 4e ¢ jcked OUmbaUKH.
Kec yonm catucda Bubuop Boocekra ce Tunt xenpuM Ct
HCKepa3JuKeyp CTUIU3aMyB aUKUM €KYJIapH UJIOH M BajyT ax
roB upass "Mc.

Figure 5. Bootstrapped text.
4. Empirical Results

The bootstrap procedure under which the document in Figure 5 was constructed* pre-
cludes its being “read” by an individual. Qur intent, however, was to produce a document
image (or character string) sufficient to assess the character recognition capability of an OCR
product. If the OCR software has incorporated language-specific decision aids to support
character segmentation, the bootstrap document will likely reduce the effectiveness of those
procedures. Clearly, spell-checkers will not be of value. Lexical analyzers (e.g., hidden-
Markov models) will likely be degraded, but not rendered ineffectual, since substantial local
structure has been retained under the moving-blocks procedure.

4.1 N-gram Profiles

There is a widely accepted statistical approach to automated language identification that
does not rely on identifying words of a text (Cavnar 1994). This approach is based on the
distribution of textual n-grams. While we are not interested here in language identification,
we are keenly interested in producing documents that remain indistinguishable from the
actual language under these identification schemes.

*A modified moving-blocks bootstrap.

1The n-grams of a text are all the character sequences of length n contained in that text. For example,
special forces contains 14 unigrams (s,p,e,...), 13 bigrams (sp,pe,ec,...), 12 trigrams (spe,pec,eci,. ..), and
SO on.




Toward that end, we have compared n-gram profiles of an original document against its
bootstrap progeny. A typical result from such a comparison, in which the bigrams of five
bootstrap replicates (labeled bootl,.. . ,boot5) were individually compared with the bigrams
of the original document, is shown in Figure 6. Bigrams whose frequency differed by less
than 0.005 in absolute value from the original document for all five bootstrap replicates,
| fooot(i) — forig] < -005,% = 1,...,5, were not plotted. In this example, 7.6% of inner word
bigram frequencies were determined to differ by more than this amount. Those instances
are plotted in the left panel of Figure 6, where it can be seen that, for a given bigram, the
inequality was often violated by only a single bootstrap replicate, and the difference was
seldom in excess of 0.007.

An artifact of the moving-blocks bootstrap was the creation of bigrams that did not
appear in the original document. These typically arose at the “edges” of bootstrap words,
involving a bigram of the form (space, character) or (character, space).* Those occasions in
which the inequality was violated for these spurious bigrams are pictured in the right panel of
Figure 6. The annexing of data whose spatial dependencies across subregion boundaries do
not reflect those in the original data set is at the core of this problem and has received research
attention from several investigators (Hall 1985, Hall 1988, Kunsch 1989). The rejection rate
for inner word and interword bigrams combined was 14%. This value is influenced, in
addition to the threshold level, by document size since frequencies, f.), and document size
are inversely proportional.

0.02

0.015

0.01

0.005

0

-0.005

-0.01

-0.015

-0.02

Figure 6. Frequency differences.

4.2 Chernoff Faces

The disparity among bigram frequencies shown in Figure 6 is only one of several physical
and syntactic measures useful for comparison of documents. A number of such measures,

*Let |, represent an interword space. The edge bigrams of an arbitrary word wxyz are then yw and z,.



corresponding to an authentic Serbian document and five bootstrap replicates, are displayed
in Table 1.

Table 1. Comparison measures

doc | chars words lines unigm inrbigm edgbigm siginr sigedg sigbi
doc3 2865 395 45 - 35 254 46 0 0 0
boot3a | 2839 400 44 34 280 57 2 16 18
boot3b | 3294 453 50 35 283 55 2 13 15
boot3c | 2633 370 43 35 282 55 5 14 19
boot3d | 3543 488 54 35 293 59 3 14 17
boot3e | 2327 338 37 34 257 56 5 14 19

Legend: doc = document identification. chars = number of characters. words
= words. lines = lines of text. unigm = distinct unigrams. inrbigm = distinct
inner bigrams. edgbigm = distinct edge bigrams. siginr = significant inner
bigrams. sigedg = significant edge bigrams. sighi = siginr + sigedg.

In column 1, doc3 identifies the original document; boot3a—e are the bootstrap replicates.
Columns 2-4 are physical measurements, strongly correlated measures of document size.
Columns 5-10 are syntactic measurements, and in particular, columns 8-9 are summaries of
the content of Figure 6.

Visual display of multidimensional data—each document in Table 1 has associated with
it nine values—is an active topic of research. One of the more innovative approaches involves
the use of representative icons. Shown in Figure 7 for the data in Table 1 is one of the most
widely accepted portrayals, called Chernoff faces.*

We knew a priori that the bootstrap process would not produce documents whose Chernoff-
face icons mirrored the face representing the original document. The number of significant
inner and edge bigrams will always be zero for the original document by virtue of construc-
tion. Those attributes we associated with the mouth, and the difference between original
and bootstrap is striking. The number of lines, words, and characters will differ since the
physical constraints we impose are deliberately relaxed to allow for randomness. These phys-
ical attributes are associated with the head configuration, where, in general, the area of the
head conveys document size. The size of the nose represents the total number of inner and
edge bigrams, where the minimum again corresponds to the original document.

4.3 Comparison of Character Accuracy

Five Serbian documents of comparable size were selected as the basis of a more intensive
investigation. Groundtruth files were created for each of the documents through keyboard
entry and post-verification. Three inquiries were then undertaken.

*Named after their originator H. Chernoff (Chernoff 1973).




Legend: face/w = chars. halfface/h = words. upface/ecc = lines. loface/ecc =
unigm. nose/l = inrbigm. nose/w = edgbigm. mouth/cent = siginr. mouth/l
= sigedg. mouth/curv = sigbi.

Figure 7. Chernoff faces.

First, the Serbian documents were scanned and submitted to the OCR software for
segmentation; the groundtruth and OCR output files were compared for agreement using
specialized scoring software (DoD 1997); as part of the comparison, the character accuracy
for each of the five documents was determined. The percentage character accuracies, labeled
original, are plotted in Figure 8.

The groundtruth files were then printed. The printer output was scanned, processed by
the OCR module, and the results compared, via the DOD software, against the groundtruth
files. Those percentage agreements, labeled ground, are again shown in Figure 8.

Finally, for each of the 5 Serbian documents, 5 bootstrap replicates were generated (25
bootstrap documents in all). At this juncture, manual intervention was required to reconcile,
as much as possible, any differences in font style or point size that might exist between
original and bootstrap documents and lead to an additional source of error. The bootstrap
files were printed, and the hardcopy scanned and OCR’d. The bootstrap files and OCR
output were compared, and the average percentage agreement, labeled boot, was plotted in
Figure 8 along with the individual values making up the averages.

All five bootstrap replicates based on the second document, although in close percentage
agreement, had accuracy assignments below that of the original document. While an analysis
of the OCR accuracy in every instance is beyond the scope of this report, a brief explanation
for this occurrence is in order. One Serbian letter was never correctly identified in these five
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Figure 8. Character accuracy.

bootstraps, although it was always recognized in the original document.* If that one letter is
ignored, the bootstrap document accuracies increase to a range of 99.24-99.70%, just below
the original document’s adjusted accuracy of 99.80%. The problem, in this instance, appears
to involve the OCR module rather than the bootstrap technique. :

Notice the overall range of percentages plotted in Figure 8—[98.4, 100]. For most practical
purposes—certainly for the purpose of our investigation—the bootstrap documents can serve
as a surrogate for the authentic Serbian documents. That was what we wanted to establish,
but, as we have just seen, information of value to the developer may also spontaneously
occur.

5. Model Validation

We have detailed in section 3 and the appendix the mechanics of producing a bootstrap
document. The empirical results provided in section 4, while insightful and persuasive, still
stop short of advancing a general procedure for rigorous assessment of a bootstrap document’s
ability to perform as a surrogate manuscript. Such a procedure is the topic of this section.

Up to now, we have used words like pseudodocument, surrogate, and progeny to describe
the role intended for a bootstrap document. An expression we have not used, but equally
appropriate, is “simulated document.” We want to introduce that expression, and that
notion, at this juncture. If the bootstrap document is thought of as a simulated document,
then the procedure responsible for its existence is a simulation procedure. In other words,
the modified moving-blocks bootstrap procedure may be considered the central part of a
stochastic simulation model.

*Curiously, the same letter had reasonable recognition accuracy in the other four sets of documents!




The discussion to follow will be facilitated by the introduction of some additional notation
and terminology.

Let x = (24,...,%p) be a vector of inputs parameterizing a stochastic simulation model.
The inputs may be values of a mathematical variable, measurements on a random variable, or
a combination of the two. For our application, number of paragraphs, number of sentences,
number of double quotes, sentence lengths, word lengths,...are all input parameters. Let y
denote the output of a simulation model: y € A takes on values in a set A determined by the
model structure. Let z be a measurement on a real-world process being simulated, whose
attributes coincide with those of the input vector x. For our application, y is the percentage
measure of agreement between a bootstrap document and its groundtruth; z is the percentage
measure of agreement between the authentic document and its groundtruth. In general, y # z,
since both y and z are observations on a random variable—y because the model is stochastic,
and z because the model specification is incomplete. For ezample, point size, font family,
physteal attributes of the paper, are all uncontrolled in the model under discussion. For a
fixed x, many values of z may be observed, since some but not all of the relevant variables
and relationships are represented in x. Since the purpose of a simulation model is to mimic a
real-world process, in attempting to validate the simulation, a comparison of empirical data
with the model output generated for the same conditions, as represented through the vector
X, is required.

Suppose that n paired observations (y1,21),...,(Yyn,2n) are available for comparison,
where each pair corresponds to a simulation run with a different input vector. Here,
(y1,--.,Yn) are percentage accuracies for single bootstrap replicates; (z1,...,z,) are percent-
age accuracies for the corresponding groundtruth documents. Since each pair was generated
under different conditions, preliminary pooling of the data is inappropriate. A procedure that
examines each pair individually, and then allows for the combination of these comparisons
into an overall assessment is required.

For m runs of the simulation model with a fixed input vector x;, a set of output values
Yi1,- - - » Yim that can be compared with a corresponding empirical value z; is produced. Recall
that x does not contain all of the relevant input variables. This means that z, for a specific
value of x, behaves as a random variable conditioned on x. Likewise, y is a random variable
conditioned on x by model construction. To validate a simulation model, a viable approach
would be to establish that F(y | x), the conditional distribution of y, coincides with G(z | x),
the conditional distribution of z, for —co < y,2z < 00, and x € €2, a set of relevant inputs.

For m runs of the simulation model for each of n different input vectors xi,...,Xn, the
resultant data configuration (y11,...,¥1m;21),. -5 (Yn1s- -, Ynm; 2n) may be treated as n mul-
tivariate observations, where the y;; for fixed ¢ are independent and identically distributed.
If the components of the vector (yi1,...,Yim; ;) are ranked for each i, and, if the simulation
model is valid, the rank assigned to z; should be equally likely among the possible ranks
1,...,m+ 1. This notion finds implementation in the Mann-Whitney test, a nonparametric
two-sample test for location.

Several independent Mann-Whitney tests can be combined through a statistical procedure
known as a permutation test. The essence of a permutation test in the present application
is as follows: Let R; denote the rank of z; in the i** observation (yi1,...,¥im; ) after the
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components have been ordered from smallest to largest; R; is an integer between 1 and
m + 1 inclusively. A test statistic 7' is defined as the sum of the R;s over all n observations;
T =377, Ri. Values of T that are determined to be too small or too large lead to rejection of
the null hypothesis. The null hypothesis is that F(y | x) = G(z|x), for all —oco < y, 2 < oo,
and x € Q, which can be stated in words as “the simulation model is valid,” or, the boot-
strap manuscript is indistinguishable from an authentic document in terms of OCR accuracy
measurements.

What remains is to quantify the expressions “too small” and “too large.” To do this,
we need to know what values the test statistic T might assume and with what frequency
(probability) under the null hypothesis. This is most easily explained with a numerical
example. The data described in section 4.3 and shown in F1gure 8 are, after transforming to
ranks, in the exact format required.

We will continue the discussion focusing on these data. Clearly, T' can take on all integer
values between 5 and 30, inclusively. Associating a frequency of occurrence with each value of
T is a more daunting exercise. An exact solution requires the systematic enumeration of every
possible permutation of ranks within the five vectors of dimension six: (yi1,...,¥:s;2i),t =
1,...,5, and the evaluation of the corresponding statistic 7' = }-* ; R;. That amounts to
(6!)° = 1.934917632 x 10 values in total.

Numbers of such magnitude may be excessive and impractical. A much smaller random
sample taken from the set of all possible permutations may be adequate to construct a refer-
ence distribution for T' (Edgington 1987). This was the case here. The resulting distribution
of T, based on a random sample of 10° permutations, appears in Figure 9.*

0.1 B T T —_——— ! ] |
0.08 F ] % -
nlIE
0.06 - /? i
. B 7 /7
.
0.04 |- /%?7 X
)
7
0.02 ?/ /? 27 i
%%
0 . [ /.
5 10 15 20 25 30

Figure 9. Reference distribution for T.

*A normal approximation to the distribution of T is sometimes adequate, depending on the permutation
sample size and the number of ranks to be assigned.
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The experimentally determined value of T', T=20, is seen to lie well inward of the reference
distribution. As a matter of fact, values of T as large as we observed, or larger, will occur
31% of the time when the null hypothe31s is valid. The statistic T is not nearly large enough
to cause concern that our claim of indistinguishability might be in error. In the language
of statistical hypothesis testing, we have an observed significance level of 0.31, compared to
values of 0.05 or 0.01 traditionally chosen as levels to trigger rejection.

6. Summary

A modified moving-blocks bootstrap was applied to the construction of pseudodocuments
used for evaluation of an OCR module. The n-gram profiles of the resultant bootstrap doc-
uments appeared to be consistent with that of the source-language document in a limited
empirical study. A more extensive comparison of bootstrap and source-language documents
via the OCR module produced no discernible distinction between the two classes. The pro-
cedure governing bootstrap document generation was validated using a rigorous statistical
procedure. These results strengthen the advocacy of a statistical approach to corpus genera-
tion and encourage the implementation of more rigorous paradigms into the field of natural
language processing.

12
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Appendix:

Program Methodology
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A.1 Goals

The goal of this program is to produce text, using the bootstrap method, that is both
visually and syntactically comparable to an original document. While very little is language-
specific, each language has its own syntax. The following explanation uses an English doc-
ument and syntax.*

To begin, here are the assumptions and limitations we put on the text.

1. Sentences start with a capital letter and end with a period, exclamation mark, or
question mark. When the sample file is processed, these three characters denote the
end of a sentence.

2. One or more sentences make up a paragraph. Paragraphs are separated by a blank
line.

3. Internal punctuation may appear at the end of a word, while a single quote (apostrophe)
may appear anywhere within a word. We currently check for commas, semicolons,
colons, and single quotes.

4. Proper nouns may appear anywhere. There are no acronyms.
5. Words may be hyphenated at the ends of lines. Internal hyphens (dashes) are ignored.

6. Numbers, other punctuation, and special symbols are ignored.

A.2 Preprocessing

We distinguish between the structure and content of a document. In order to exercise
control over the appearance of a bootstrap document, certain parameter values are extracted
from the original document and used as the basis for the formulation of global constramts
Consider the excerpt of text in Figure A-1.

The number of double quotes, the number of lines that end with a hyphen, and the
number of paragraphs are all recorded. The maximum line length is also determined to
properly format the output. To make it easier to compute the sentence lengths, we replace
everything—except letters, sentence ends, and single quotes—with a space, collapsing multi-
ple spaces into a single space. We record the number of words in each sentence and the total
number of capitalized words. The set of characters that end each sentence is also retained.
(The resultant text is shown in Figure A-2.)

We now have empirical values describing the structure of the document. In this example,
there is only a single paragraph. The set of sentence lengths, measured in words per sentence,
is {28, 34, 35, 27, 29, 28}, and the sentences end with five periods and a question mark,

*The main body of this report employed a variant of this program that was modified to manipulate Serbian
(Cyrillic) text.




After about an hour of this amusement, in the latter part of
which Job didn’t participate, the mutes by signs indicated that
Billali was waiting for an audience. Accordingly he was told to
"crawl up," which he did as awkwardly as usual, and announced
that the dance was ready to begin if She and the white strangers
would be pleased to attend. Shortly afterwards we all rose, and
Ayesha having thrown a dark cloak (the same, by the way, that she
had worn when I saw her cursing by the fire) over her white
wrappings, we started. The dance was to be held in the open air,
on the smooth rocky plateau in front of the great cave, and '
thither we made our way. About fifteen paces from the mouth of
the cave we found three chairs placed, and here we sat and
waited, for as yet no dancers were to be seen? The night was
almost, but not quite, dark, the moon not having risen as yet,
which made us wonder how we should be able to see the dancing.

Figure A-1. Original text.

{. ... 7.} The capitalized word total less the number of sentences, 11 — 6 = 5, provides
an approximation to the number of proper nouns. The text contains two double quotes and
no hyphenated words. The maximum line length, or text width, is 66 characters.

Returning to the original text (Figure A-1), we convert all letters to lower case. Every-
thing except letters and internal punctuation is replaced with a blank; multiple blanks are
- again collapsed into single blanks to produce the contents of Figure A-3. The last piece of
empirical information we need is the set of word lengths. For our purposes, a word is any
sequence of letters, or letters and internal punctuation. The example has words of length
{5,5,2,4,...,3,3,7}.

All of the words, including internal punctuation, are concatenated into a single string as
shown in Figure A-4. The text is shown as a block to emphasize the fact that it is a single,
very long line. This sequence of characters, or its codeset representation, is the time series
that we are going to bootstrap to produce a new document.

A.3 Bootstrap Mechanics

To determine the number of sentences that will comprise the bootstrap document, we
sample from a distribution of the form shown in the left side of Figure A-5, whose median
is set equal to the number of sentences in the original document, and whose range of values
covers the potential choices for this attribute. Notice that the most likely values are 5, 6,
and 7; we are going to generate 5 new sentences.

Next we decide how many words should appear in each sentence. To determine this, a
value is drawn with replacement from the set of sentence lengths previously recorded. The
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After about an hour of this amusement in the latter part of
which Job didn’t participate the mutes by signs indicated that
Billali was waiting for an audience. Accordingly he was told to
crawl up which he did as awkwardly as usual and announced

that the dance was ready to begin if She and the white strangers
would be pleased to attend. Shortly afterwards we all rose and
Ayesha having thrown a dark cloak the same by the way that she
had worn when I saw her cursing by the fire over her white
wrappings we started. The dance was to be held in the open air
on the smooth rocky plateau in front of the great cave and
thither we made our way. About fifteen paces from the mouth of
the cave we found three chairs placed and here we sat and
waited for as yet no dancers were to be seen? The night was
almost but not quite dark the moon not having risen as yet
which made us wonder how we should be able to see the dancing.

Figure A-2. First pass.

after about an hour of this amusement, in the latter part of
which job didn’t participate, the mutes by signs indicated that
billali was waiting for an audience accordingly he was told to
crawl up, which he did as awkwardly as usual, and announced
that the dance was ready to begin if she and the white strangers
would be pleased to attend shortly afterwards we all rose, and
ayesha having thrown a dark cloak the same, by the way, that she -
had worn when i saw her cursing by the fire over her white
wrappings, we started the dance was to be held in the open air,
on the smooth rocky plateau in front of the great cave, and
thither we made our way about fifteen paces from the mouth of
the cave we found three chairs placed, and here we sat and
waited, for as yet no dancers were to be seen the night was
almost, but not quite, dark, the moon not having risen as yet,
which made us wonder how we should be able to see the dancing

Figure A-3. Second pass.
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afteraboutanhourofthisamusement,inthelatterpartofwhichjobdidn’tpa
rticipate,themutesbysignsindicatedthatbillaliwaswaitingforanaudie
nceaccordinglyhewastoldtocrawlup,whichhedidasawkwardlyasusual,and
announcedthatthedancewasreadytobeginifsheandthewhitestrangerswoul
dbepleasedtoattendshortlyafterwardsweallrose,andayeshahavingthrow
nadarkcloakthesame,bytheway,thatshehadwornwhenisawhercursingbythe
fireoverherwhitewrappings,westartedthedancewastobeheldintheopenai
r,onthesmoothrockyplateauinfrontofthegreatcave,andthitherwemadeou
rwayaboutfifteenpacesfromthemouthofthecavewefoundthreechairsplace
d,andherewesatandwaited,forasyetnodancersweretobeseenthenightwasa
Ilmost,butnotquite,dark,themoonnothavingrisenasyet,whichmadeuswond
erhowweshouldbeabletoseethedancing

Figure A-4. Concatenated text.

3 45 6 7 8 9 4 5 6 7 8

Figure A-5. Histograms modeling number of sentences (left) and number of
proper nouns (right).
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example shown here uses the values 28, 27, 29, 28, and 28. The lengths of each word within
a sentence are chosen in a similar manner. Values are drawn with replacement from the set
of word lengths extracted from the original document. We are going to use the values 5, 9,

3,5 ...,34 3

Having determined the bulk of the document’s structure, we are now ready to sample the
time series. Turning to the character string (Figure A-4), we determine a random location
within the string and a random word length. The sequence of characters commencing at the
random location (660) and continuing through the random length (5) will comprise the first
word (otqui) of the first sentence.” Should the choice of random location and word length
cause us to extend beyond the end of the string, we choose another random location. The
first four snippets obtained in this manner are shown in Figure A-6.

afteraboutanhourofthisamusement,inthelatterpartofwhichjobdidn’tpa
rticipate,themutesbysigns indica‘bedthatbill swaitingforanaudie
nceaccordinglyhewastoldtocrawlup,whichhedidasawkwardlyasusual,and
announcedthatthedancewasreadytobeginifsheandthewhitestrangerswoul
dbepleasedtoattendshortlyafterwardsweallrose anda.yes2hrow
nadarkcloakthesame,bytheway,thatshehadwornwhenisawhercurs ingbythe

f 1reoverherwh1tewrapp1ngs Pstartedthedancewastobeheldintheopenai
r,onthesmoothrockyplateauinfrontofthegreatcave,andthitherwemadeou
rvayaboutfifteenpacesfromthemouthofthecavewefoundthreechairsplace
d,andherewesatandwaited,forasyetnodancersweret obeseenthenightwasa
Imost,butn 1te ,dark,themoonnothavingrisenasyet,whichmadeuswond
erhowweshouldbeabletoseethedancing

Figure A-6. Snippets.

If a snippet contains punctuation, it may be manipulated slightly to make it conform
to proper English syntax. If the first or last character in a snippet is a single quote, it is
deleted. If the snippet contains internal punctuation, we move the first punctuation character
to the end of the word and delete any others that may appear. For example, the snippet
“ite,dark;th” would be changed to “itedarkth,”, while the third smppet in Figure A-6
has the comma moved to the end, converting the text “,we” to “we,”.

Should the snippet contain no letters, it is discarded and a new one extracted.

After all the words that make up a sentence have been extracted and, if necessary,
modified, we capitalize the first word. An end-of-sentence character, randomly chosen from
the set collected during preprocessing, is appended to the last word. This sequence of steps
is repeated until we have generated the desired number of bootstrap sentences. The result
is shown in Figure A-7 with arbitrary line breaks added.

*We refer to these character sequences as “snippets.” While informal, it does convey the notion of what the
procedure is about. We are extracting regenerative sequences (snippets) of random length and concatenating
them—after appropriate attention to interword spaces, punctuation, and capitalization—to form sentences
in a bootstrap document.




Otqui hahavingt we, aliwa madeu cursingbyt da
bythefireo thed westartedth ncerswere ce forana rasy
upwh, outfi ed ow sata ted dar ockyplateau eto dan, esf
ldbeple yhe syetnod. An inthe, sbysignsi ge ck artofwh
nd eg wasto moo ire wes cew igns hav ar three hortlya
tfi ro cav thatbill he tha, rd aui edt. Avewe she indi
ala, tha cur nthesmo eop the fthe ienc grisen egrea
echairs estr avi yhe ngerswo gnsindicated wh estarte
astobeh in eac arti ipa heh asyet ir. Ance tq acco
eheld ewa rosea, of tobe dan hou ngthrowna ace ethe
chairs andh, asready dthitherwema ed, ased nifshea thof
kth, heha swo epl ofth kclo most. At ment uldbepl ofwh
th th beh aces dth ea, verh smoothr rkcl syet, lyaft
emo ofthecavewef dbeable tesbysigns es dinglyhew oat
eple fift ngf ady atca fro.

Figure A-7. Intermediate sentences.

A.4 Postprocessing

The bootstrap text looks like a “real” document, but it needs further refinement. The first
step is to capitalize some randomly chosen words to simulate proper nouns. The approximate
number of proper nouns has already been determined. Since some sentences may have
started with a proper noun, our count may be low. To compensate for this, we sample from
a positively skewed distribution for proper noun total. The histogram used to model the
number of proper nouns is shown on the right side of Figure A-5. In this example, five words
were capitalized.

A random number of double quotes is inserted into the text. The number of quotes to
add is determined by sampling from a distribution similar to that used for the number of
sentences. The only difference is that the median value becomes the number of double quotes
in the original document. In the example, we added three double quotes. For each quote,
a word is randomly selected, then the double quote is randomly prepended or appended to
the word. We do not require the double quotes to appear in matching pairs.

To break the text into paragraphs, we compute the probability that a given sentence ter-
minates a paragraph, which is the number of paragraphs divided by the number of sentences.
In this example, that is é or 17%. For each sentence, we randomly generate a number from
0 to 99. If this number is less than 17, we start a new paragraph.

The final step is to format the text into the proper width. The words making up each sen-
tence are combined into lines of text whose width cannot exceed the maximum line length of
the original text. A blank is inserted between each pair of words, and two blanks are inserted
between sentences. If any lines were hyphenated in the original text, a similar number of
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hyphens is appended to randomly chosen lines. Figure A-8 shows the resultant text. Absent
a literacy in English, the authentic and bootstrap documents are indistinguishable.

Otqui hahavingt we, aliwva Madeu cursingbyt da bythefireo thed
westartedth ncerswere ce forana rasy upwh, outfi ed ow sata' ted
dar ockyplateau eto dan, esf ldbeple yhe syetnod. An inthe,
sbysignsi Ge ck artofwh nd eg wasto moo ire wes cew igns hav ar
three hortlya tfi ro cav thatbill he tha, rd aui edt. Avewe she
indi ala, tha cur nthesmo "eop the fthe ienc grisen egrea echairs
estr avi yhe ngerswo gnsindicated wh estarte astobeh in eac arti
ipa heh asyet ir. Ance tq acco eheld ewa rosea, of tobe dan hou
ngthrowna ace Ethe chairs andh, asready dthitherwema ed, ased
nifshea thof Kth, heha swo epl ofth kclo most. At ment uldbepl
Ofwh th th beh aces dth ea, verh smoothr rkcl syet, lyaft "emo
ofthecavewef dbeable tesbysigns es dinglyhew oat eple fift ngf
ady atca fro.

Figure A-8. Bootstrapped text.

A.5 Further Enhancements

Section A.3 details how we bootstrap English text or, more properly, Latinic text. The
same techniques may be used with other languages and other alphabets. The only real
difficultly is converting between upper and lower case. This is trivial with the English-based
program we used, but we had to explicitly list the character values in the Cyrillic version.*

We chose to ignore characters other than letters, certain internal punctuation, and end-
of-sentence symbols. Our concern was to evaluate the accuracy of a Serbian (Cyrillic) OCR
package, with emphasis on Cyrillic letters. It would not be difficult to add code to manipulate
symbols that appear in pairs, such as parentheses, brackets, and braces.! In fact, the same
technique could be used to insert double quotes in matching pairs within a single sentence.

Numbers are ignored in the current bootstrap program because it would be incorrect to
extract a snippet that contained both letters and numbers. However, they could be treated
as “number words” and processed in a manner similar to text words.} Acronyms were ignored
because they would be interpreted as proper nouns. They could be counted, and a number
of words could be converted to all upper case. Internal hyphens (compound words) could
replace random blanks in the formatted text before it is printed.

*The program must be modified for each codeset.

'Our initial set of documents contained no brackets or braces, and only one document had parentheses.
tCount the number of words and their lengths, then randomly generate a similar number by sampling the
empirical lengths and randomly selecting digits. There is no need to use snippets with numbers.
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As we have indicated, there are many possible refinements to the process. The added
complexity must be weighed against the benefits gained. If the sample documents do not
contain certain characters, there is no need to check for them. Syntactic accuracy is required
only to the extent that it must conform to the language in the document. For example,
a comma may appear only at the end of a word, not in the middle. The OCR software’s
accuracy is to be determined by having it process realistic documents. The program we have
developed provides such documents.
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